It is usually believed that the spin-fluctuation mechanism for high-temperature superconductivity results in d-wave pairing, and that it is destructive for the conventional phonon-mediated pairing. We show that in bilayer materials, due to nearly perfect antiferromagnetic spin correlations between the planes, the stronger instability is with respect to a superconducting state whose order parameters in the even and odd plane-bands have opposite signs, while having both two-dimensional s-symmetry. The interaction of electrons with Raman-(infrared-) active phonons enhances (suppresses) the instability. 71.10.+x,74.20.Mn,74.72.Bk Typeset using REVT E X The currently most exciting discussion about high-T c superconductivity deals with 1
structive for the conventional phonon-mediated pairing. We show that in bilayer materials, due to nearly perfect antiferromagnetic spin correlations between the planes, the stronger instability is with respect to a superconducting state whose order parameters in the even and odd plane-bands have opposite signs, while having both two-dimensional s-symmetry. The interaction of electrons with Raman-(infrared-) active phonons enhances (suppresses) the instability. Typeset using REVT E X The currently most exciting discussion about high-T c superconductivity deals with the symmetry of the pairing state [1] . Intimately related to this, is the question of whether the superconductivity is due to antiferromagnetic spin fluctuations (see e.g.
Monthoux and Pines (MP) Ref. [2] , and also Refs. [3, 4] ), to electron-phonon (EP) interaction enhanced by inter-layer pair tunnelling [5] , or to neither of two. In this discussion, it is indirectly assumed that the antifer- In this Letter we point out that, whereas the AFSF mechanism leads to d-pairing for one layer, it may lead to (two-dimensional) s-symmetry for a bilayer. The condition for that is existence of strong antiferromagnetic correlations between the two layers in a bilayer, as found experimentally in YBa 2 Cu 3 O 7 [6, 7, 8] . We find that, for a given coupling strength, T c (s) is about twice as high as T c (d) thus making it easier to achieve the observed values of T c ∼ 100K. Essential for the positive influence of layer-doubling is the single-particle tunneling which splits the oneelectron plane-bands into even and odd with respect to the mirror-plane between the layers. In this aspect our mechanism is very different from the interlayer pair-tunnelling (IPT) mechanism discussed by Anderson et al. [5] . Nevertheless, similar to the IPT model, any attractive interaction between electrons in the same band, such as the one mediated by even (Raman-active) phonons, enhances T c . This is opposite to the previously considered single-layer AFSF models in which such interactions are mutually destructive.
Support for such an enhancement mechanism may be found in the experimental fact (e.g. Refs. [9, 10] ) that some members of the cuprate family (Nd 2−x Ce x CuO 4 , HgBa 2 CuO 4 ) behave as conventional s-wave EP superconductors. MP AFSF theory, on the other hand, would have to imply principally different mechanisms for this compound and for those with high T c 's. Another experimental fact which suggests a constructive interplay between phonon-and non-phonon mechanisms is that in YBa 2 Cu 3 O 7 , the isotope effect increases smoothly when the superconductivity is suppressed [11] . Finally, the most impressive argument is that in all high-T c materials T c is anticorrelated with the in-plane antiferromagnetic correlation length ξ. In particular, in YBa 2 Cu 3 O 7.0 , ξ is about one lattice parameter, which would make the single-layer AFSF superconductivity virtually inoperative. To the contrary, as we shall argue below, the proposed bilayer model is barely sensitive to the in-plane AF correlation length ξ at all.
In the following we shall assume a conventional picture in the sense that the oneelectron tunneling between the planes is allowed both in the normal and in the superconducting states. This is in contradiction with the IPT scenario [5] , but in agreement with some photoemission experiments [12] .
In this case, the single-particle eigenstates for a bilayer are the even |+, k and odd |−, k combinations of the individual plane states and k is the 2D Bloch-vector. The properties of the even and odd bands are discussed in detail in Ref. [14] , but, for the purpose of comparison with the MP model, we use the same band model as they did. We neglect completely the k z dispersion due to small intercell c-hopping, which can lead to interesting effects (see, e.g., Ref. [13] ) but which are however beyound the scope of this Letter. Accordingly, in the following the term "bands" always means "two-dimensional bands". As regards the interplane hopping inside the unit cell, t ⊥ (k), we assume that it is sufficiently large to set even and odd symmetry of the two-dimensional bands, but we neglect, for simplicity, in the following numerical calculations the even-odd splitting
The generalization of the MP AFSF model to two-bands is straightforward; one has only to take into account that the effective vertex for scattering of an electron from band i to band j by a spin-fluctuation depends on i, j, while the spectrum of the fluctuations χ is the same as in MP. Then, Eqs.
where Σ and Φ are respectively the normal and anomalous self-energies, G is the single- Similarly, as we shall see below, the ratio of the maximal gap to T c tends to be larger for the one-plane model, for the same T c .
One can also obtain the self-consistent solution for Φ at T ≪ T c . To do that, one has to include higher-order terms (see, e.g., Ref.
[3]). In this case one of the Green functions in the Eq.2 for Φ should be replaced by:
This new set of equations can be solved iteratively, starting with G =G (which is correct to first order in Φ). The actual solution for T = T c /2, shown in Fig.2 , was achieved by making two iterations of Eqs.3. The frequency-dependent superconducting gap is related to Φ as
From Fig.2 we observe that the absolute value of ∆ behaves similarly in both cases, having a minimum along (11) 
